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(54) Process for manufacturing thermoplastic resin moldings 

(57) A process is described for manufacturing thermoplastic resin moldings in a short molding cycle but with good 
appearance, nearly free from resin warp and deformation, and free from weldlines on the surface. The process uses 
a mold assembly comprising a pair of male and female molds (1 ,2), either of which has two or more freely opening and 
closing resin feeding gates (5a,5b,5c) open to the cavity surface. Also, there is a mechanism for controlling the quantity 
of resin to be fed from each gate and the timing of the initiation of resin feeding. 
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Description 

The present invention relates to a process for man- 
ufacturing thermoplastic resin moldings in a short mold- 
ing cycle. The resin moldings are nearly free from resin 
warp, exhibit minimal deformation, and have good ap- 
pearance. 

Thermoplastic resin moldings can be used in various 
applications including interior parts of automobiles (for 
example, door trims, rear trims, instrument panels), ex- 
terior and interior parts of household appliances and sun- 
dries. Thermoplastic resin moldings are typically manu- 
factured by Injection molding or press molding. 

If desired, the surfaces of thermoplastic resin mold- 
ings can have a skin material entirely or partly laminated 
thereon. Entirely or partly laminated means that, respec- 
tively, the surface of the molding Is entirely or partly cov- 
ered with an Integrally laminated skin material. 

For injection molding processes, molten and plasti- 
cized thermoplastic resin (hereinafter sometimes re- 
ferred to simply as "resin") is filled via a resin feed gate 
in a hermetically sealed mold cavity at high pressure. 
This generates a so-called oriented resin and may result 
in molding deformation, such as a twist or warp in the 
thermoplastic resin molding. The warp of resin can be 
particularly pronounced in the vicinity of the feed gate. 
Twisting or warping is disadvantageous. 

For conventional press molding processes, molten 
resin is fed between open opposing male and female 
molds, is allowed to uniformly run on at least one of the 
mold surfaces, and is shaped by clamping together the 
male and female molds. The thermoplastic resin molding 
Is nearly free from warp, and defomnatbn is scarcely 
generated in the resultant thermoplastic resin moldings. 
However, because the molten thermoplastic resin is gen- 
erally fed through a plurality of resin feeding gates, the 
obtained moldings have conspicuous weld-lines on their 
surfaces and a defective appearance, as well as strength 
problems. Raising the mold temperature during molding 
can reduce the generation of weld-lines. This means, 
however, that it will take a long time to cool and solidify 
the molten resin, resulting in a relatively long molding cy- 
cle. 

One object of the present invention is to provide a 
process for manufacturing moldings having minimal de- 
formation in a short molding cycle, wherein the moldings 
have a good appearance and are nearly free from resin 
warp. 

Another object of the present invention is to provide 
a process for manufacturing moldings in a short molding 
cycle which have a skin material laminated entirely or 
partly on the surface, which exhibit minimal deformation 
and warp of resin, and have good appearance. 

A thermoplastic resin molding in which deformation 
is minimal is a molding which hardly deforms when it is 
removed from the mold cavity, i.e., the molding exhibits 
minimal deformation. 

The present invention provides in one embodiment 


a process for manufacturing thermoplastic resin mold- 
ings from molten thermoplastk: resin and a mold assem- 
bly, with the mold assembly comprising a male mold and 
a female mold and the male and female molds each hav- 

s ing opposing mold surfaces. The mold assembly is able 
to open and close and define a mold cavity between the 
opposing moid surfaces. The mold cavity defines a cavity 
clearance which can be greater than, less than, or ap- 
proximately equal to a cavity clearance defining a final 

10 thickness of a molding of the thermoplastic resin. At least 
one of the male or female mold contains at least first and 
second thermoplastic resin feeding gates adjacent to 
each other, with the thermoplastic resin feeding gates In- 
dividually being in an opened or closed communicating 

is relationship with respect to the mold cavity. The thermo- 
plastic resin feeding gates include means or a device or 
devices for controlling the timing and feeding of a quan- 
tity of molten themnoplastic resin from each feeding gate 
into the mold cavity. The process comprises the steps of: 

20 

(a) feeding a first portion of the molten thermoplastic 
resin into the mold cavity from the first feeding gate 
while the first feeding gate is open and the mold 
assembly is open; 

2S (b) spreading the first portion of molten thermoplas- 
tic resin in the mold cavity, whereby a flow-front is 
created in the first portion of thermoplastic molten 
resin, by partially cbsing the mold assembly, 
wherein the cavity clearance is kept greater than the 

30 cavity clearance defining the final thickness of the 
molding; 

(c) feeding a second portion of the molten thermo- 
plastic resin from the second feeding gate when the 
second feeding gate is open and about when the 

3S flow-front of the molten thermoplastic resin passes 
the second feeding gate; 

(d) optionally, repeating steps (b) and (c) with addi- 
tional portions of the molten thermoplastic resin and 
additional feeding gates, until all of the molten ther- 

40 moplastic resin is fed, while maintaining the cavity 
clearance greater than the cavity clearance defining 
the final thickness of the molding; 

(e) closing the mold assembly until the cavity clear- 
ance becomes approximately equal to the cavity 

45 clearance defining the final thickness of the molding; 

(f ) cooling the molten resin in the mold assembly with 
application of pressure to solidify the thermoplastic 
resin; and 

(g) opening the mold assembly and recovering the 
so thermoplastic resin from the mokJ assembly. 

By this method, resin moldings having good appear- 
ance and minimal resin warp, deformation and 
weld-lines on the surface can be manufactured in a short 
ss molding cycle. In addition, by placing a skin material en- 
tirely or partly on the mold cavity surface, it is possible 
to manufacture thermoplastic resin moldings with the 
skin material laminated entirely or partly on the surface. 
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Another embodiment of the process for manufactur- 
ing thermoplastic resin nrK)iding8 from molten thermo- 
plastic resin and a mold assembly comprises the steps 

of: 

(a) closing the mold assembly until the cavity clear- 
ance is less than or approximately equal to a final 
thicl<ness of a molding of the thermoplastic resin; 

(b) opening the mold assembly while the cavity 
clearance is kept less than or approximately equal 
to the final thickness of the molding; 

(c) feeding a first portion of a molten thermoplastic 
resin from a first gate wherein the cavity clearance 
is less than or approximately equal to the final thick- 
ness of the molding; 

(d) continuing opening the mold assembly and feed- 
ing molten thermoplastic resin, wherein the cavity 
clearance becomes greater than the final thickness 

of the molding; 

(e) spreading the molten thermoplastic resin within 
the mold cavity, whereby a flow-front is created for 
the first portion of molten resin, by partially closing 
the mold assembly, wherein the cavity clearance Is 
kept greater than the final thickness of the mokJing; 

(f) feeding a second portion of the molten thermo- 
plastic resin about when the flow-front passes the 
second gate; 

(g) optionally, repeating steps (e) and (f) until all 
resin is fed while maintaining the cavity clearance 
greater than the final thickness of the moWing; 

(h) closing the molding assembly until the cavity 
clearance becomes approximately equal to the final 
thickness of the molding; 

(i) cooling the molten resin in the mold assembly with 
application of pressure to solidify the thermoplastic 

resin; and 

(j) opening the mold assembly and recovering the 
thermoplastic resin from the mold assembly. 

By this other embodiment, resin moldings with ex- 
tremely good appearance, nearly free from resin warp, 
and with minimal deformation can be manufactured in a 
short molding cycle. 

The present invention will be described with refer- 
ence to the following drawings which illustrate and per- 
tain to but one example of the present invention. The 
drawings are not intended to limit the scope of the 
present invention. 

Figure 1 is a schematic representation in section of 
a mold assembly used In the process according to the 
present Invention. 

Figure 2 shows a stage in the process according to 
the present Invention using the mold assembly of Figure 
1 in which a first portion of a thermoplastic molten resin 
is fed from a first gate. 

Figure 3 shows a stage (mold assembly of Figure 1 ) 
in which the thermoplastic molten resin fed from the first 
gate is spread by mold clamping thereby creating a 


flow-front. 

Figure 4 shows a stage (moid assembly of Figure 1 ) 
in which a flow-front of the nnotten resin fed from the first 
gate has reached the closed gate adjacent to the first 

s gate, hereinafter referred to as a "second gate" whereby 
the second gate is opened and molten resin is fed there- 
through and allowed to spread. 

Figure 5 shows a stage (mold assembly of Figure 1 ) 
in which a flow-front of the molten resin previously fed 

10 from the first and second gates and spread by mold 
clamping has reached a closed gate adjacent to the sec- 
ond gate, hereinafter referred to as a "third gate", where- 
by the third gate is opened and nrK)lten resin is fed there- 
through. 

IS Figure 6 shows a stage (mold assembly of Figure 1 ) 
in which the molten resin fed from the first, second, and 
third gates is being spread by mold clamping. 

Figure 7 shows a stage (mold assembly of Figure 1 ) 
in which the molten resin filled in a mold cavity is cooled 

20 with pressure applied. 

Figure 8 shows a stage in the process according to 
the present invention using the mold assembly of Figure 
1 in which both the male and female molds are closed 
until the cavity clearance is not greater than the thickness 

2S of the final thermoplastic resin molding product before 
feeding of molten resin begins. 

Figure 9 shows a stage in the process according to 
the present invention using the mold assembly of Figure 
1 in which feeding of a part of the whole molten resin 

30 begins from the first gate wherein the cavity clearance is 
maintained not greater than the thickness of final ther- 
moplastic resin moldings ("products"). 

Figure 10 shows a stage in the present process ac- 
cording to the present invention using the mold assembly 

35 of Figure 1 In which mold opening and feeding of molten 
resin are continued to bring the cavity clearance greater 
than the thickness of final products. 

Figure 1 1 shows a stage in the process according to 
the present invention using the mold assembly of Figure 

40 1 in which the molten resin, after filling in the cavity, is 
cooled with pressure applied. 

Figure 12 is a schematic representation in section 
of a mold assembly used in the present invention when 
a skin material is partly laminated on the surface of the 

45 moldings in an embodiment wherein the gate to feed the 
molten resin first and the skin material are in a facing 
opposing relationship to one another. 

The mold clamping device in the mold assembly 
(Figure 1 ) used in the method according to the present 

50 invention comprises an upper platen (not illustrated) de- 
signed to be vertically movable by a known elevating 
mechanism (not illustrated) and a fixed lower platen (not 
illustrated). As shown in Figure 1 , a male mold (1 ) is used 
together with an opposing female mold (2). Mold assem- 

55 blies having upper and lower platens are described, for 
example, in U.S. Patent No. 5,053,179 and in U.S. Pat- 
ent No. 4,092,385. the complete disclosures of which are 
incorporated herein by reference. 
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As shown in Figure 1 , on the male mold (1 ), two or 
more freely opening and closing gates which open to the 
mold cavity are mounted. The gates are connected to a 
resin plasticlzing device (not illustrated) outside the mold 
assembly via a molten resin passage (4). In Figure 1, 
three gates (5a, 5b, and 5c) are shown. However, the 
number and location of the above gates can vary and will 
be determined based on, for example, the size and the 
shape of moldings manufactured, the types of thermo- 
plastic resin used, and other factors recognized by those 
sltilled in the art. 

A valve (not illustrated) which is open when molten 
thermoplastic resin is fed to the cavity and is closed when 
it is not fed is installed with each gate. A controller (not 
illustrated) is used as a means to control, for example: 
(1 ) the amount of molten resin to be fed by adjusting the 
period of the opening time and the opening degree of the 
valves, and (2) the timing for molten resin feed Initiation 
by detecting the passage of the flow-front of the molten 
resin at the gates by, for example, a thermal sensor(s) 
or the like installed with the gates. In Figure 1, thermal 
sensors (7a) and (7b) are shown with gates (5b) and (5c). 

The reference numerals described hereinabove with 
respect to Figure 1 , also apply to Figures 2 through 12. 

In a first embodiment, the mold assembly is brought 
to the open state and a portion of the total molten resin 
to be fed begins to be fed into the cavity from a first gate 
(tor example, first gate (5a) as shown in Figure 2). Pos- 
sibly, in this event, the resin feeding pressure may act on 
the cavity surface facing the first gate (5a), and the cavity 
clearance between the molds may thus increase slightly. 
The scope of the present invention does not exclude this. 
This may occur in other molten resin feeding steps as 
welt. 

In the present invention, the "open state" should be 
interpreted as the state in which the cavity clearance be- 
tween the male and the female molds is greater than the 
thickness of the final molding products. Except for spe- 
cial cases, in general, when the cavity clearance is great- 
er than the final thickness of final resin products, it can 
be up to about seven times, but preferably, can be up to 
about five times the final thickness. 

The first gate is at least one gate which is appropri- 
ately chosen from all gates in accord with parameters 
such as the shape of the final product and gate arrange- 
ment. In general, one resin feeding gate is selected as 
the first gate. However, a plurality of resin feeding gates 
can be used as the first gate. However, in the latter in- 
stance, the molding preferably has a portion which does 
not require an excellent outward surface appearance or 
which does not require mechanical strength, because 
weld-lines may be generated. 

Figure 2 shows the state in which a portion of molten 
resin is being fed through resin feed line (4) through the 
first gate (5a) of the three gate (5a, 5b, and 5c). The 
amount of molten resin fed from the first gate (5a) is not 
particularly limited, but in general, it is determined by us- 
ing the amount of molten resin which enables the 


flow-front of molten resin (3) to pass a closed gate (e.g. 
second gate) adjacent to the first gate when the fed mol- 
ten resin is spread into the mold cavity by partially closing 
the mold assembly while maintaining the cavity clear- 
5 ance greater than the thickness of final products in the 
subsequent process. When a plurality of second gates 
are present, the amount can be determined by using the 
amount that enables the molten resin flow-front to pass 
the second gate located farthest from the first gate. This 
10 amount depends on factors such as the mold cavity 
clearance at the startof feeding of the molten resin, mold 
clamping speed, and the distance between the first and 
the second gates. 

The fed molten resin is spread into the cavity by the 
IS act of closing, or partially closing, (mold clamping) the 
mold assembly while maintaining the cavity clearance 
therebetween greaterthan the final thickness of final res- 
in products (Figure 3). The timing for initiating moid 
clamping (e.g. lowering female mold (2)) may be, for ex- 
20 ample, after completing feed of a specified portton of 
molten resin or may be at the same time as (or while) 
molten resin is being fed. 

When the flow-front (3) of spread molten resin has 
passed the second gate (5b) (Figure 4), a portion of mol- 
25 ten resin to be fed from the second gate (5b) begins to 
be fed into the mold cavity. The resin is spread into the 
cavity by closing both male and female molds with the 
cavity clearance kept greater than the final thickness or 
the final products (Figure 5). 
30 For example, a sensor (7a) located within the male 
mold (1) adjacent to gate (5b) can detect an increase in 
temperature in the surrounding area due to the flow-front 
(3) passing by gate (5b). and signals, for example, a gate 
controller (not shown) to open gate (5b) to allow further 
35 molten resin to be introduced behind the flow-front (3). 
For a thermal sensor, the triggering temperature of the 
thermal sensor (7a) can be selected depending on mold- 
ing conditions as known to those skilled in the art. With 
regards to the thermal sensor (7), a tip of the sensor (7) 
40 can be at the same level of the mold cavity surface. 

The molten resin can be spread into the mold cavity 
by mold clamping the mold assembly or male and female 
molds, while maintaining the cavity clearance therebe- 
tween greater than the thickness of the final products 
45 (Figure 5). The time when the flow-front of the molten 
resin has passed the gate is not limited to application at 
the instantaneous point when the flow-front has passed 
the gate. Rather, it also includes a time after the moment 
the flow-front has passed the gate to the moment the 
50 flow-front reaches the point 50%. preferably 40%, more 
preferably 30% of the distance separating the feeding 
gate through which the flow-front just passed and the 
feeding gate adjacent to this last feeding gate but which 
has not yet had resin flow through it. 
55 If there are a plurality of adjacent closed gates rela- 
tive to the gate where the flow-front passed, the above 
"time" can be defined by the distance between the adja- 
cent closed gate closest to the gate over which the 
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flow-front has passed, if the gate through which the 
flow-front has passed is close to the edge of the cavity 
and there is no adjacent non-feeding gate, the "time" is 
defined by replacing the distance between the gates with 
the distance between the gate and the cavity edge. 

The amount of the molten resin to be fed from the 
second gate can be determined by such conditions as 
the cavity clearance at the start of feeding of the molten 
resin and mold clamping speed, and the distance be- 
tween the second and the third gates (while taking into 
account In the same manner described above for feeding 
molten resin from the first gate, if there is a closed gate 
(third gate) adjacent to the second gate). If the second 
gate is close to the edge of the cavity and there is no 
adjacent non-feeding gate, the amount of molten resin 
fed generally is almost the amount that can cover the 
area from the second gate to the cavity edge. The molten 
resin feeding amount from the remaining gates can be 
determined in a similar manner. 

Depending on the shape and the size of the molding 
to be manufactured, the molten resin charge can be com- 
pleted by feeding the molten resin from the first and the 
second gates as described above. However, when mold- 
ings with complicated profile or largesize moldings are 
manufactured, feeding and spreading of the molten resin 
(steps (b) and (c)) can be repeated as required in the 
same manner as specified above (e.g. with reference to 
gate (5c) and themnal sensor (7b) and the molten resin 
charge is completed while maintaining the cavity clear- 
ance greater than the final thickness of final products 
(Figure 6). 

Upon completion of feeding the molten resin, both 
male and female molds (1) and (2) are partially closed 
or closed until the cavity clearance becomes approxi- 
mately equal to the final thickness of final products. The 
molten resin is cooled with pressure applied, and there- 
after, both male and female molds are opened to remove 
solidified final products. The amount of pressure applied 
is not critical and will be selected by molding require- 
ments as Is known to those skilled in the art. For exam- 
ple, the range of pressure applied during cooling is not 
more than about 1 50 kgf/cm^, and preferably, is not more 
than about 100 kgf/cm^. 

In the present invention, it is essential to begin feed- 
ing the molten resin from the adjacent closed gate when, 
or at the time, the molten resin fed from a feeding gate 
has passed the closed gate adjacent to the feeding gate. 
In as far as this requirement Is satisfied, whether or not 
mold clamping is carried out while the molten resin is be- 
ing fed Is not particularly limited. For example, it is pos- 
sible to stop clamping while the molten resin is being fed 
from the gate and to restart clamping after completing 
feeding of molten resin from the gate. It is also possible 
to control the mold clamping speed and continuously 
clamp molds until feeding of all the molten resin is com- 
pleted. 

In addition, it Is possible to combine these methods 
appropriately. For example, in principle it is possible to 


start mold clamping after feeding a specified amount of 
molten resin from the first gate (5a). Mold clamping can 
be temporarily stopped when the fed molten resin has 
spread Into the mold cavity and the flow-front (3) has 

6 passed the closed gate (5b) adjacent to the gate (5a). A 
specified amount of molten resin can be fed through the 
gate (5b). Alternatively, mold clamping can be started 
while feeding a specified amount of molten resin from 
the gate (5a). Resin feeding through the gate (5b) can 

10 be started while continuing mold clamping, even after the 
flow-front of the molten resin being fed has passed the 
adjacent unfeeding gate (5b). 

In contrast to the present invention, If an adjacent, 
closed, "unfeeding" gate (I.e. a gate from which molten 

15 resin has not been fed yet) is opened and molten resin 
feeding therethrough is commenced before the 
flow-front of the molten resin fed from a "feeding" gate 
has spread into the cavity and reached the adjacent 
closed gate, weld-lines are generated on the surface of 

20 the molten resin. When this happens it is not possible to 
obtain products having a good outward appearance. 
Consequently, it Is essential to control the time at which 
molten resin feed is initiated. When the flow-front of the 
molten resin fed from an adjacent open feeding gate has 

25 spread and passed the adjacent closed gate, the latter 
is opened and molten resin feed is initiated therefrom. 

Any method can be adopted for controlling the mol- 
ten resin feed Initiation timing. For example, in one em- 
bodiment, a thermal sensor (7) is buried (disposed with- 

30 In, and below the mold surface) in a portion of the mold 
near each gate. The thermal sensor (7) Is preferably bur- 
ied below the mold cavity surface on the side of the flow- 
ing direction of the molten resin. A gate associated with 
a thermal sensor (7) Is opened to initial molten resin feed 

35 therethrough when the flow-front of the molten resin 
spread in the cavity passes over that area of the mold 
surface having buried themial sensor and the thermal 
sensor detects a specified temperature whereby the as- 
sociated gate is opened. If the amount of resin to be fed 

40 from each gate is specified and the motel clamping speed 
is specified, and the flow rate of the molten resin in the 
mold cavity is determined, it is possible to use a timer or 
other similar means to control, at least in part the time 
opening for each gate or the sequencing of opening or 

45 cbsing gates. The amount of the molten resin to be fed 
from each gate can be controlled, for example, by ad- 
justing the period of time for resin feed and/or the degree 
of valve opening for any or all gates. 

The time for completing the feed of the molten resin 

50 from each gate Is not particularly limited insofar as the 
cavity clearance Is maintained greater than the thickness 
of final products. For example, the feed of the molten res- 
in from the first gate can be completed before the 
flow-front of the fed molten resin reaches the second 

55 gate, or it may be completed after it has passed the sec- 
ond gate. 

According to the present invention, skin material 
laminated resin moldings in which the skin material is en- 
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tirely or partly laminated Integrally on the surface of the 
resin moldings are obtainable by placing the skin mate- 
rial entirely or partly on the mold cavity surface before 
feeding the molten resin. In particular, this method can 
produce moldings having a skin material laminated to a 
part of the mofcJing surface In which the skin material sur- 
face has an excellent appearance. 

In this embodiment, before feeding the molten resin, 
both male and female molds are held in the open state 
to have the clearance greater than the thickness of the 
final products. The "open state" in this event is usually 
greater than the thickness of the final products. It can be 
substantially up to 50 times the thickness, and the cavity 
clearance is set appropriately within this range with con- 
sideration given to the thickness and other conditions of 
the skin material to be used. 

In general, when manufacturing a thermoplastic res- 
in having a surface molding laminated in whole or in part 
with a skin material, one resin feeding gate is chosen as 
the first gate. If, however, the molding has a portion which 
Is not required to have an excellent appearance when 
applied or which does not need mechanbal strength, a 
plurality of resin feeding gates can be used as the first 
gate with the understanding that weld-lines may be gen- 
erated at those gates. Because weld-lines generated un- 
der the laminated portion of the skin material of the mold- 
ing are hkjden, it is also possible to choose a plurality of 
resin feeding gates as the first gate provided that any 
weld-lines which may be generated would be under- 
neath the skin material. 

In manufacturing the molding to which the skin ma- 
terial is laminated throughout a surface of the molding, 
the first gate can be chosen In a similar manner as in the 
case of manufacturing molding with the skin material 
partly laminated. 

When skin material laminated resin moldings are 
manufactured, the skin material (6) is placed so that it 
comes in contact with the cavity surface. For example, 
the cavity surface of the female mold (2) of the mold 
member faces the opposing cavity surface, which is the 
cavity surface of the male moid (1 ) of the mold member 
having a gate, if the thermoplastic resin molding is only 
partially laminated with skin nnaterial, as is shown in Fig- 
ure 1 2, it is preferable to provide the first gate at the po- 
sition opposite to the position where the skin material is 
placed, particularly, at the position opposite to the center 
portion of the skin material placed. 

Varbus known methods, i.e., known to those skilled 
in the art can be adopted for fixing the skin material in 
place in the mold. In general, as shown in figure 12, a 
vacuum method for vacuumsucking the skin material to 
the cavity surface of a mold via a vacuum applied 
through, for example, a vacuum chamber (8) can be 
used. In this embodiment, it is possible to vacuum-suck 
the skin material throughout the whole surface or vacu- 
um-suck the peripheral portion only of the skin material 
depending on the size of the skin material to be laminat- 
ed. 


In general, the skin material for resin moldings is not 
particularly limited. Exemplary skin materials include wo- 
ven fabric cloth, knitted cloth, unwoven fabric cloth com- 
prised of various kinds of materials, sheets or films of 

5 thermoplastic resin or thermoplastic elastomer, or foams 
comprised of various resins such as a polyolefinbased 
resin, a polyvinyl chloride-hased resin and a poly- 
urethane-based resin. One or more skin materials can 
be employed. In particular, and by way of example, a 

10 multi-layered laminate skin material can comprise a 
sheet of foamed resin laminated to a thermoplastic resin 
or thermoplastic elastomer sheet or film. This exemplary 
multi-layered laminate is frequently used as a material 
that provides a cushioning property when laminated to a 

IS surface of the resin molding. Skin materials can, if de- 
sired, have patterns, such as a grain pattern, for aesthet- 
ic or other purposes. 

In another embodiment according to the present in- 
vention, before starting to feed the molten resin, both the 

20 male and female molds (the mold assembly) are closed 
until the cavity clearance is not greater than the thickness 
of the final products (Figure 8). Then, while initiating the 
opening of both the nnale and female molds but while 
maintaining the cavity clearance therebetween not 

25 greater than the thickness of the final product, a part of 
the whole molten resin to be fed begins to be fed from a 
gate (5a, first gate) (Figure 9). The mold opening and 
feeding of the molten resin are continued while the cavity 
clearance is allowed to be greater than the thickness of 

30 the final products (Figure 1 0). 

The molten resin is spread further within the mold 
by clamping the molds together, but the cavity clearance 
is kept greater than the thickness of the final products. 
When the flow-front of the molten resin has passed the 

35 adjacent closed ("unfeeding") gate (5b, second gate) to 
the first gate (5a), a part of the whole molten resin to be 
fed begins to be fed from gate (5b). Thereafter, while the 
molten resin is spread by mold clamping, the molten res- 
in can be fed through gate (5c) in the same manner as 

40 described above with reference to gate (5b), until the 
feed of a specified amount of the whole molten resin is 
completed through gate (5c) while maintaining the cavity 
clearance greater than the thickness of the final prod- 
ucts. 

45 Then, both male and female molds are closed until 
the cavity clearance becomes approximately equal to the 
thickness of the final products. The molten resin is cooled 
with pressure applied. The range of pressure applied 
during cooling is not more than about 150 kgf/cm^, and 

50 preferably, is not more than about 100 kgf/cm^. Both 
male and female molds are thereafter opened and the 
solidified final products are removed, i.e. de-moW. In this 
way, thermoplastic resin moldings having an excellent 
appearance can be manufactured. 

55 With regard to a thickness of final molded products, 
for example, a thickness of Interior trim for a car is in the 
range from about 1 .5 mm to about 3.5 mm, and that of 
household appliances Is In the range from about 1 mm 
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to about 5 mm. 

In principle, the thermoplastic resins suitable for 
manufacturing the molding are not restricted to a single 
resin. Thermoplastic resins heretofore used in compres- 
sion molding, injection molding, extrusion molding, and 
like processes are suitable. Exemplary thermoplastic 
resins include polypropylene, polyethylene, acryloni- 
trile-styrene-butadiene copolymers, polystyrene, polya- 
mides such as nylon, polyvinyl chloride, polycarbonate, 
acrylic resin, styrene-butadiene copolymers, as well as 
thermoplastic elastomers such as EPM or EPDM, a mix- 
ture of any such resins or a polymer alloy of one or more 
resins. If desired, the resins may contain glass fiber, var- 
ious inorganic or organic fillers, and/or various types of 
generally used pigments, lubricants, antistatic agents, 
stabilizers, foaming agents, and other various additives. 

The following examples further illustrate the present 
invention without limiting its scope. 

In the following examples, the thermoplastic molding 
resin is polypropylene resin (Sumitomo Chemical, "Sum- 
itomo NOBLEN BPZ5077*). 

Example 1 

Using the mold assembly with the rough section 
shown in Figure 1, a box type (react rectangle) molding 
was manufactured in accordance with the process 
shown in Figures 2-7. The size of the molding was 800 
mm long, 550 mm wide, 10 mm high, and 2.5 mm thick. 

In this example, resin feeding gates (5a, 5b, and 5c) 
were arranged with the center of each gate located on 
the center line in the width direction of the mold cavity 
and at 3 locations equally spaced from both edges in the 
longitudinal direction of the moW cavity. The thermal sen- 
sors (7a, 7b) were located adjacent to the gates (5b) and 
(5c), respectively, and in the flowing direction of molten 
resin. Each gate was equipped with a valve. 

Both male and female molds were opened so that 
the cavity clearance therebetween was 3 times the thick- 
ness of the final products. The female mold (2) was low- 
ered towards the male mold (1), and while molten poly- 
propylene resin (resin temperature 200" C, same tem- 
perature also applies to the other examples) was fed 
from the resin feeding gate (5a) in 42 wt% of the total 
feed amount of resin by controlling the period of time in 
which the valve for gate (5a) was open. Gates (5b) and 
(5c) were closed at this time. 

After completing the resin feed through gate (5a), 
mold clamping was continued to effect spreading of the 
molten polypropylene resin into the mold cavity, and 
when the thermal sensor (7a) detected that the temper- 
ature near the surrounding area reached 80^C, the valve 
mounted to the lower part of the resin feeding gate (5b) 
was opened, and molten polypropylene resin was fed 
therethrough (33 wt% of the total feed amount of resin). 

Similarly, when the thermal sensor (7b) detected 
that the temperature near the surrounding area reached 
BO°C, the valve mounted to the tower part of the resin 


feeding gate (5c) was opened, and the final portion of 
molten polypropylene resin was fed through gate (5c) 
(25 wt% of the total feed amount of resin). 

Upon completion of feeding molten polypropylene 

5 resin, the female mold (2) was continuously lowered and 
the mold was clamped until the cavity clearance between 
the female mold (2) and male mold (1 ) was equal to the 
thickness of the final products. During this perkxi, the 
mold temperature was held to 50''C. 

10 With pressure applied (final clamping pressure: 400 
tons). 30-second cooling was carried out, and thereafter, 
the mold was opened to remove the molding. 

On the surface of the obtained molding, faint charge 
marks were obsen/ed around the portion in contact with 

IS the gate, but no weld-lines were obsen^ed, and the ap- 
pearance was satisfactory. 

Example 2 

20 A molding with a skin nr^terial laminated on a part 
of the molding surface having the shape (box type) sim- 
ilar to that manufactured in Example 1 was manufactured 
according to Example 1 , except that a mold assembly 
with rough section as shown in figure 12 was used. The 

2S mold assembly in Figure 1 2 Is similar to that used in Ex- 
ample 1 except that a vacuum suction pipe (8) addition- 
ally provided in the female mold (2). 

In this example, before the molding operation, a lam- 
inated square skin material comprising a polypropylene 

30 foaming sheet (foaming rate: 15 times; side length: 250 
mm; thickness: 3.0 mm) laminated on the rear surface 
of a polyvinyl chloride sheet having a front surface with 
grain pattern (thickness: 0.6 mm) was placed so that the 
center of the skin material faced the resin feeding gate 

35 (5a) in Figure 1 2 and each side of the skin material was 
parallel to each side of the cavity surface whereby the 
front surface of the grain pattern came In contact with the 
female mold cavity surface. Vacuum was applied via vac- 
uum suction pipe (8) and the skin material was allowed 

40 to be fixed in place against the female mold cavity sur- 
face. 

By design, the cavity clearance between the male 
and female molds was about 20 times the thickness of 
the final products before commencing feeding the molten 
45 polypropylene resin. 

Thereafter the nnolding operation of Example 1 was 
conducted. 

No weld-line was recognized on the surface of the 
skin material, and the molding exhibited good appear- 
so ance. 

Comparison Example 1 

In Example 1 , molten polypropylene resin was fed 
55 sequentially from three resin feeding gates (5a, 5b, and 
5c). In comparison, a molding was manufactured accord- 
ing to Example 1 , except that a specified amount of mol- 
ten polypropylene resin was fed simultaneously from 
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three resin feeding gates (5a, 5b, and 5c). 

The obtained niolding exhibited weld-lines on the 
surface and the appearance was not good, i.e. not sat- 
isfactory. 

Comparison Example 2 

A molding was manuf^tured according to Example 
2 except that a specified amount of molten polypropylene 
resin was fed simultaneously from three resin feeding 
gates (5a, 5b, and 5c). 

The obtained moldings exhibited weld-lines on the 
surface of the skin material laminated section and the 
appearance was not good. 

Example 3 

Using the same mold assembly used in Example 1 , 
the molds were closed until the cavity clearance was 
smaller than the thickness of the final products. 

When the mold opening was initiated, the molten 
polypropylene resin feed was started from resin feeding 
gate (5a). When 42 wt% of the whole or total resin 
amount to be fed was fed, the valve mounted to the lower 
part of the gate was closed and feeding of resin from the 
gate (5a) was stopped. At the same time mold clamping 
was started. The cavity clearance when the mold clamp- 
ing was started (when resin feed was stopped) was set 
about 3 mm larger than the thickness of the final prod- 
ucts. 

By mold clamping, the molten polypropylene resin 
was spread in the cavity and in the same manner as in 
the case of Example 1 , molten polypropylene resin was 
successively fed from the gates (5b) and (5c). The molds 
were clamped until the cavity clearance was equal to the 
thickness of final products, and with pressure applied, 
(final clamping pressure: 400 tons), a 30-second cooling 
period was carried out. Thereafter, the mold was opened 
to remove the molding. 

No weld-lines or charge marks were observed on the 
surface of the obtained molding and the appearance was 
extremely satisfactory. 


Claims 

1. A process for manufacturing thermoplastic resin 
moldings from molten thermoplastic resin and a 
mold assembly, said mold assembly comprising a 
male mold and a female mold, said male and f ennale 
molds each having opposing mold surfaces, said 
mold assembly being able to open and close and 
define a mold cavity between said opposing mold 
surfaces, said mold cavity defining a cavity clear- 
ance which can be greater than, less than, or 
approximately equal to a cavity clearance defining 
a final thickness of a molding of said thermoplastic 
resin, at least one of said male or female mo\6 con- 


taining at least first and second thermoplastic resin 
feeding gates adjacent to each other, said thermo- 
plastic resin feeding gates individually being in an 
opened or closed communicating relationship with 
5 respect to said mold cavity, said thermoplastic resin 
feeding gates including a device or devices for con- 
trolling the timing and feeding of a quantity of molten 
thermoplastic resin from each feeding gate into said 
mold cavity, said process comprising the steps of: 

10 

(a) feeding a first portion of said molten thermo- 
plastic resin into said mold cavity from said first 
feeding gate while said first feeding gate is open 
and said mold assembly is open; 

'5 (b) spreading said first portion of molten ther- 

moplastic resin in said mold cavity, whereby a 
flow-front is created in said first portion of molten 
thermoplastic resin, by partially closing said 
mold assembly, said cavity clearance being 

so kept greater than said cavity clearance defining 

said final thickness of said molding; 

(c) feeding a second portion of said molten ther- 
moplastic resin from said second feeding gate 
when said second feeding gate is open and 

25 about when saki flow-front of said molten ther- 

moplastic resin passes said second feeding 
gate; 

(d) optionally, repeating steps (b) and (c) with 
additional portions of said thermoplastic resin 

30 and additional feeding gates, until all of said 

molten thermoplastic resin is fed, while main- 
taining said cavity clearance greater than said 
cavity clearance defining said final thickness of 
said molding; 

35 (e) closing said mold assembly until said cavity 

clearance becomes approximately equal to said 
cavity clearance defining said final thickness of 
said molding; 

(f) cooling said molten resin in said mold assem- 
40 biy with application of pressure to solidify said 

thermoplastic resin; and 

(g) opening said mold assembly and recovering 
said thernrK)plastk: resin from said mold assem- 
bly 

45 

2, A process for manufacturing thermoplastic resin 
moldings from molten thermoplastic resin and a 
mold assembly, said mold assembly comprising a 
male mold and a female mold, said male and female 

50 molds each having opposing mold surfaces, said 
mold assembly being able to open and close and 
define a mold cavity between said opposing mold 
surfaces, said mold cavity defining a cavity clear- 
ance which can be greater than, less than, or 

55 approximately equal to a cavity clearance defining 
a final thickness of a molding of said thermoplastic 
resin, at least one of said male or female mold con- 
taining at least first and second thermoplastic resin 
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feeding gates adjacent to each other, said thermo- 
plastic resin feeding gates individually being In an 
opened or closed communicating relationship with 
respect to said mold cavity, said thermoplastic resin 
feeding gates including means for controlling the s 
timing and feeding of a quantity of molten thernio- 
plastic resin from each feeding gate into said mold 
cavity, said process comprising the steps of: 

(a) feeding a first portion of said molten thermo- 
plastic resin into said mold cavity from said first 
feeding gate while said first feeding gate Is open 
and said mold assembly is open; 

(b) spreading said first portion of molten ther- 
moplastic resin in said mold cavity, whereby a ^5 
flow-front is created in said first portion of molten 
thermoplastic resin, by partially closing said 
mold assembly, said cavity clearance being 
kept greater than said cavity clearance defining 
said final thickness of said molding; 20 

(c) feeding a second portion of said molten ther- 
moplastic resin from said second feeding gate 
when said second feeding gate is open and 
about when said flow-front of said molten ther- 
moplastic resin passes said second feeding ^5 
gate; 

(d) optionally, repeating steps (b) and (c) with 
additional portions of said molten themnoplastic 
resin and additional feeding gates, until all of 
said molten thermoplastic resin is fed, while so 
maintaining said cavity clearance greater than 
said cavity clearance defining said final thick- 
ness of said molding; 

(e) closing said mold assembly until said cavity 
clearance becomes approximately equal to said 3S 
cavity clearance defining said final thickness of 
said molding; 

(f ) cooling said molten resin in said mold assem- 
bly with application of pressure to solidify said 
thermoplastic resin; and ^0 

(g) opening said mold assembly and recovering 
said thermoplastic resin from said mold assem- 
bly. 

3. A process for manufacturing themnoplastic resin 45 
moldings from molten thermoplastic resin and a 
mold assembly, said mold assembly comprising a 
male mold and a female mold, said male and female 
molds each having opposing mold surfaces, said 
mold assembly being able to open and close and so 
define a mold cavity between said opposing mold 
surfaces, said mold cavity defining a cavity clear- 
ance which can be greater than, less than, or 
approximately equal to a cavity clearance defining 
a final thickness of a molding of said thermoplastic ss 
resin, at least one of said male or female mold con- 
taining at least first and second thermoplastic resin 
feeding gates adjacent to each other, said thermo- 


plastic resin feeding gates individually being in an 
opened or closed communicating relationship with 
respect to said mold cavity, said thermoplastic resin 
feeding gates Including a device or devices for con- 
trolling the timing and feeding of a quantity of molten 
thermoplastic resin from each feeding gate into said 
moki cavity, said process comprising the steps of: 

(a) closing said mold assembly until said cavity 
clearance is less than or approximately equal to 
a final thickness of a molding of said thermo- 
plastic resin; 

(b) opening said mold assembly while said cav- 
ity clearance Is kept less than or approximately 
equal to said final thickness of said molding; 

(c) feeding a first portion of a molten thermo- 
plastic resin from a first gate wherein said cavity 
clearance is less than or approximately equal to 
said final thickness of said molding; 

(d) continuing opening said mold assembly and 
feeding molten thermoplastic resin, wherein 
said cavity clearance becomes greater than 
said final thk:kness of said molding; 

(e) spreading saki molten thermoplastic resin 
within said mold cavity whereby a flow-front is 
created for said first portion of molten resin, by 
partially closing said mold assembly, wherein 
said cavity clearance is kept greater than said 
final thickness of said molding; 

(f) feeding a second portion of said molten ther- 
moplastic resin about when said flow-front 
passes said second gate; 

(g) optionally, repeating steps (e) and (f) until all 
resin is fed while maintaining said cavity clear- 
ance greater than said final thickness of said 
molding; 

(h) closing said mold assembly until said cavity 
clearance becomes approximately equal to said 
final thickness of said molding; 

(i) cooling said molten resin in said mold assem- 
bly with application of pressure to solidify said 
thermoplastic resin; and 

(j) opening said mold assembly and recovering 
said thermoplastic resin from said mold assem- 
bly. 

4. A process according to any one of claims 1 to 3, fur- 
ther comprising the step of placing a skin material 
entirely or partly over a surtace of said male or 
female mold before step (a). 

5. A process according to claim 4, wherein sakJ skin 
material is placed opposite to the surface of said 
male or female mold having said thermoplastic resin 
feeding gates. 

6. A process according to claim 5, wherein said skin 
nnaterial is placed over a portbn of said surface of 
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said male or female mold, and at least one gate in 
step (a) is in an opposing facing relationship to said 
skin material. 

7. A process according to any one of claims 1 to 6, 5 
wherein said skin material is held against said sur- 
face by a vacuum. 

8. A process according to any one of claims 1 and 3 to 

7, wherein said device for controlling timing Includes io 
a thermal sensor. 

9. A process according to any one of claims 2 and 4 to 
7, wherein said means for controlling the timing and 
feeding include a thermal sensor. 

10. A process according to claim 8, wherein said device 
for controlling timing includes valves for said feeding 
gates. 

20 

11. A process according to any one of claims 1 to 10, 
wherein three feeding gates are present. 

12. A process according to any one of claims 1 to 11, 
wherein said first feeding gate includes a plurality of 
feeding gates. 

13. A process according to any one of claims 1 to 12, 
wherein said final thickness of said molding is 
between about one mm and about five mm. 30 

14. A process according to any one of claims 1 to 13, 
wherein said molten thermoplastic resin is polypro- 
pylene, polyethlene, acrylonitrile-styrene-butadiene 
copolymers or polystyrene. ^ 

15. A process according to any one of claims 1 to 14, 
wherein said cavity clearance is up to about 7 times 
said final thickness of said molding. 

40 

16. A process according to any one of claims 1 to 15, 
wherein said cavity clearance is up to about 50 times 
said final thkskness of said molding. 
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